The Xihuashan, Dangping and Piaotang deposits in the Jiangxi Province, south China can be considered as typical high-temperature hydrothermal quartz vein-type W-Sn mineralization, that is temporally and spatially related to Mesozoic S-type granite. Microthermometric studies of fluid inclusions in various minerals from these deposits were conducted to obtain homogenization temperature and salinity data. Major organic and inorganic aqueous components of the fluid inclusions were extracted by a crush-leaching, and concentrations of short-chain carboxylate (formate, acetate, propionate, oxalate), fluoride, chloride and sulfate anions in the leachates were determined using ion chromatography. The results indicate the presence of formate and acetate as well as minor amounts of oxalate and propionate in leachates, and the dominance of formate over other carboxylates. The molar ratio of acetate to formate appears to be a potential indicator of the redox state for the ore fluid system. Oxygen and hydrogen isotopic data show that inclusion water in quartz is mainly magmatic in origin. It is postulated that the dissolved carboxylate anions in the ore fluids for the deposits probably were generated by the breakdown of kerogen in "primitive sedimentary rocks" during the formation of S-type granites. The possibility of inorganic synthesis of the carboxylate species in a C-H-O system can not be excluded.
organic complexes including metal-carboxylate complexes in hydrothermal solutions. Most studies, up to the present time, that looked at the role of organic matter in ore-formation were mainly focused on ore deposits formed at temperatures less than 200-250°C (Giordano, 1985 (Giordano, , 1994 and related to sedimentation and diagenesis, or those occurring in sedimentary rocks (e.g., Mississippi Valley type and red-bed type base-metal deposits). Lewan and Pittman (1994) pointed out the importance of identifying and quantifying organic acids in fluid inclusions of ore and related gangue minerals in developing and testing models for oreforming systems. Analysis of the aqueous organic components of fluid inclusions in ore and gangue minerals is the only direct method of providing
INTRODUCTION
Short-chain or low molecular-weight carboxylic acids having 1-5 carbon atoms per molecule are usually referred to as aliphatic monocarboxylic acids Shock, 1995) . Aqueous short-chain carboxylic acids and their derivatives-carboxylate anions (collectively referred to as carboxylates in the remainder of this paper) and metal-carboxylate complexes participate in various geochemical processes. The roles of these species in geochemical processes have been reviewed by a number of authors (see Pittman and Lewan, 1994) . Giordano (1985 Giordano ( , 1994 discussed the role of organic matter in ore formation, indicating that ore-forming elements can be transported as metal-
Xihuashan and Dangping deposits
The Xihuashan granitic stock comprising two phases (Liu, 1992) intrudes a series of Cambrian metasedimentary rocks (Fig. 2) . The first phase occurs as porphyritic biotite granite. It is the mother rock of the ore fluids for W mineralization and makes up the major part of the granite body. The second phase occurs as biotite granite. Rb-Sr whole rock isotopic analyses yield isochrons indicating ages of 156 ± 4 Ma for the porphyritic biotite granite and 142 ± 3 Ma for the biotite granite at Xihuashan, and ages of 150 ± 2 Ma for the porphyritic biotite granite and 141 ± 3 Ma for the garnet-bearing biotite granite at Dangping, respectively (Li et al., 1993) . Previous studies on geology, petrography, trace element and stable isotope geochemistry suggest that the Xihuashan granite is of S-type (Zhang et al., 1982; Xu et al., 1992) . The country rocks adjacent to the stock have undergone strong contact metamorphism, giving rise to a ring-shaped hornfels zone. Within the granite W-mineralization is extensively developed, and the formation of these W-deposits is closely related to the granite both in time and space. The Xihuashan and Dangping wolframitequartz vein type deposits occur at the southwestern and northeastern margins of the Xihuashan granite, respectively. The geologic settings of the two deposits are quite similar. In these deposits hundreds quartz veins of different size occur in the granite, and most of the mineralized veins taper out when they approach surrounding metasedimentary rocks. The mineralization can be divided into three stages (see Table 1 ). In the Xihuashan deposit the principal ore mineral is wolframite, and the associated ore minerals consist of cassiterite, molybdenite, bismuthinite, beryl, scheelite. In the wall-rock (granite) alteration adjacent to the veins, greisenization and silicification are found to be relatively intense having a greater width in the upper part of the veins. In the Dangping deposit, the main economic minerals are wolframite and beryl, while molybdenite, bismuthinite, scheelite and chalcopyrite are of secondary importance. The wall-rock alteration on both sides of the vein is evidence of the presence of carboxylates in oreforming solutions. Crush-leach tests performed in some recent studies, detected carboxylates in fluid inclusions in quartz and other minerals from some high-temperature hydrothermal vein-type W and Au deposits that occur in felsic rocks (Zeng and Liu, 1998; Sun and Zeng, 1998; Zeng and Liu, 2000) . Of particular interest in this study are geochemical significance of carboxylates in hydrothermal W-Sn-mineralization and its possible origin in the ore fluids, so that, we systematically performed microthermometric and isotopic studies of fluid inclusions in minerals, determined the anion compositions in leachates of minerals from three W-Sn-deposits in south China (see Fig. 1 ).
GEOLOGIC SETTING OF THE STUDIED DEPOSITS
The following deposits, from southwest to northeast, occur in the Xihuashan-PiaotangZongshukeng W-mineralization belt, in the southwestern part of the Jiangxi Province, China: Xihuashan W-, Dangping W-Be-, Muziyuan WMo-, Dalongshan W-Mo-, Piaotang W-Sn-and Zongshukeng W-deposits. The distance between one deposit and another is about 4-5 km. The Xihuashan, Dangping and Piaotang deposits were selected as representatives of W-Sn-deposits in the belt, and their geologic settings are described as follows. Li et al., 1993) . Li et al., 1993) . mainly greisenization. K-feldspathization occurs mostly in the deeper part of the vein.
Fig. 2. Schematic map of the Xihuashan granite complex (modified from

Fig. 3. Schematic map of the Piaotang deposit (modified from
Piaotang deposit
There are two intrusive bodies in the Piaotang area: a Hercynian quartz diorite with a K-Ar age of 274 Ma (Li et al., 1993) exposed at the surface and a biotite granite of S-type (Zhang et al., 1982) buried underground (Fig. 3) . The biotite granite having K-Ar age of 155.7 Ma (Li et al., 1993) is related to the W-Sn-mineralization and can be found only at the depth in drill holes. The quartz vein type W-Sn-deposit occurs within the middle to upper Cambrian metasedimentary rocks around the concealed biotite granite. This is the most principal difference in geologic setting between the Piaotang deposit and the Xihuashan and Dangping deposits. Due to contact metamorphism, the wall rocks of the ore veins are extensively hornfelsed. Ore bodies in the deposit were classified into two types: quartz vein, and quartz veinlet zone consisting of parallel and thin veinlet groups. Wolframite is the primary economic mineral, and cassiterite, beryl, scheelite, sulfides (chalcopyrite, pyrite and sphalerite, etc.), tourmaline, fluorite and calcite are also present. On the basis of mineral assemblage and cross-cutting of veins, the mineralization in the deposit can be divided into four stages (see Table 1 ). On both sides of the mineralized veins and veinlets greisenization is extensively developed.
MICROTHERMOMETRIC STUDIES OF FLUID INCLUSIONS
To establish the ranges of homogenization temperature and salinity of the fluid inclusions, polished plates of mineral samples from different mineralizing stages in each deposit were prepared. Fluid inclusion microthermometric studies were carried out using a Chaixmeca heating-freezing stage. The successive measurements of final ice melt temperature and homogenization temperature were determined for fluid inclusions in quartz, beryl, cassiterite and tourmaline. The uncertainties of reported homogenization temperatures and final ice melting points are ±2°C and ±0.1°C, respectively. The reported salinity data were calculated on the basis of freezing point depression in the NaCl-H 2 O system (Potter et al., 1978) . The microthermometric results of fluid inclusions are presented in Tables 1 and 2 , and shown in Fig. 4 .
All mineral samples from these deposits were carefully examined under the microscope for fluid inclusions. Four main types (A, B, C and D) of fluid inclusion were observed in the studied mineral samples.
Type A: Two phase inclusions containing a gas bubble (up to 50-60 vol.% gas) and an aqueous liquid at room temperature. Type A inclusions have an elliptical shape with sizes ranging from 3 to 15 µm (mainly from 5 to 10 µm), and occur as isolated primary inclusions mainly in the quartz from the studied deposits (see Table 1 ). Upon heating these inclusions homogenize to the liquid phase.
Type B: Two phase inclusions containing an aqueous liquid and a gas bubble (5-50 vol.% gas) at room temperature. The great majority of fluid inclusions in minerals from these deposits are of type B. They occur as primary and pseudosecondary inclusions with variable sizes (usually 5-15 µm, up to 30 µm). Most of the inclusions in quartz have elliptical or negative-crystal shapes. Homogenization upon heating occurs to the liquid phase. Some of type B inclusions that lie along fractures and have irregular shapes, were observed in a few quartz samples in these deposits, and homogenization temperatures of these secondary inclusions usually are lower than 200-180°C.
Type C: Liquid inclusions containing water of greater than 95 vol.%, without gas bubble in some cases. They commonly have irregular shapes with sizes of less than 5 µm, and occur mostly in late barren quartz veins. Generally, homogenization temperatures of these inclusions have a value of about 160°C. Some elliptical shaped and isolated type C inclusions with sizes about 5-10 µm were observed in quartz from the main mineralizing stage of the deposits. For many of these inclusions (probably secondary inclusion), microthermometric measurements were not performed.
Type D: Three-phase, CO 2 -bearing inclusions containing liquid CO 2 , CO 2 gas and an aqueous phase (75-95 vol.%) at room temperature. They are small in size (about 5 µm) and only occur in a minor amounts in quartz from late barren veins (IV) of the Piaotang deposit.
In order to minimize the effect of secondary inclusion on the results of crush-leaching test, we selected some samples from idiomorphic quartz crystal in which no secondary inclusions were found. However, a wide range of homogenization temperature and salinity was measured in these samples due to variation in the condition of crystal growth (see Table 2 ). In addition, four chips from different parts of a large idiomorphic quartz crystal from a vug within greisen nearby to a berylwolframite quartz vein (Dangping deposit) were taken for fluid inclusion study. Fluid inclusions in the quartz crystal comprise aqueous two-phase type (B type), and these primary inclusions are aligned along growth zones in the crystal. The sampling positions and corresponding microthermometric data are shown in Fig. 5 . The elliptical and negative crystal-shaped type B fluid inclusions containing 10-30 vol.% gas are primarily in the core of the crystal, whereas most irregular type B inclusions containing <10 vol.% gas occur in its outer part. The microthermometric measurements of this quartz crystal showed that homogenization temperature and salinity decreased from core to margin parts.
Some beryl, cassiterite and tourmaline samples were also studied, and no secondary inclusions were found in these minerals. Most of the type B inclusions containing between 20 and 40 vol.% gas in beryl have elliptical, negative-crystal and tabular shapes (5-20 µm in diameter). More than 98% of inclusions in cassiterite are elliptical type B inclusions (20-30 vol.% gas) with sizes commonly ranging from 5 to 10 µm. A few type A inclusions (5-10 µm in diameter) were found in beryl and cassiterite samples. Inclusions (>99%) in tourmaline from the Piaotang deposit also are of type B (20-40 vol.% gas), and have elliptical shape (5-10 µm in diameter). The microthermometric data for the inclusions of these minerals are also presented in Table 2 .
The microthermometric data strongly reveal that the ore fluids for the Xihuashan and Dangping deposits have similar homogenization tempera- Li et al., 1993) . The denominator and numerator denote homogenization temperature and salinity data for fluid inclusions, respectively. tures at the main mineralizing stage (II), compared to those (I-III) of the Piaotnag deposit (see Fig.  4 ).
LEACHING TESTS OF INCLUSIONS IN MINERALS
Channer and Spooner (1992) and Channer et al. (1999) developed sample preparation and crush-leach techniques to extract the contents of fluid inclusions in minerals, followed by analysis of the leachates using ion chromatography. In this study 26 mineral samples (mostly quartz) were examined using a slightly modified crush-leach techniques (see Zeng and Liu, 1998) .
Individual mineral samples of 0.5-2.0 mm grain size for crush-leaching were purified by hand-picking under a binocular microscope to a purity higher than 99%. A high mass ratio of mineral to water (5 g mineral/10 mL water) was used in the present study to enhance the concentration of carboxylates in leachates. The leachates obtained were analyzed using a Dionex-2000i/sp ion chromatograph, and IonPac AG11 guard and IonPac AS11 separator, that are suitable for organic acid and common inorganic anion analysis, were selected as the anion exchange columns. Organic acids were identified by comparing each retention time with those of standard regents. The crush-leaching procedures and the operating conditions of ion chromatography were as same as those described by Zeng and Liu (2000) . In order to further examine possible contamination during cleaning, crush-leaching, filtering and analysis, a series of blank tests were performed with water (BK-1), with quartz glass having no any fluid inclusions and water (BK-2B), and with quartz glass and standard solutions containing Fr -, Ac -, Pr -, Ox 2-, F -, Cl -and SO 4 2-(BK-3). The results of the tests BK-1 and BK-2B (see Table 3 ) indicated no contamination of Fr -, Ac -, and Pr -, and insignificant contamination of Ox 2-, F -, Cl -and SO 4 2-. In addition, the effect of adsorption of minerals surfaces on the determination of species in leachates is negligible, within the uncertainty of Clayton et al. (1972 T -2 ) -3.40. BK-1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.02 ± 0.02 0.04 ± 0.00 0.11 ± 0.01 0.04 ± 0.02 BK-2B 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.06 ± 0.02 0.08 ± 0.02 0.18 ± 0.03 0.11 ± 0.02 BK-3 1.97 ± 0.04 1.85 ± 0.03 2.07 ± 0.03 1.98 ± 0.02 0.92 ± 0.01 2.00 ± 0.07 1.99 ± 0.04 STD 2.00 2.00 2.00 2.00 2.00 2.00 2.00
determinations (see BK-3, Table 3 ). The analytical data for both carboxylate and inorganic anion components in the leachates of minerals studied are listed in Table 2 , and these data denote that all leachates contain formate and acetate, as well as minor oxalate and propionate in some samples. It is interested that formate is the predominant short-chain carboxylate species in most of the leachates. The data for samples from different parts of a large idiomorphic quartz crystal are listed in Table 4 . For these samples, oxalate and propionate in these leachates are lower than the detect limit and are very close to the blank level, respectively. Banks and Yardley (1992) and Channer et al. (1999) discussed the principal problems in crushleach analysis of fluid inclusions in minerals, and indicated that careful crush-leaching and proper analytical techniques can give semi-quantitative to quantitative measurements of fluid inclusion compositions, provided mineral samples contain one dominant generation of inclusions. In this study, secondary inclusions in a small quantity (5-10%) were only found in a few quartz samples (XH-48, DP-7A and P7). Primary aqueous inclusions in gangue minerals are generally thought to represent actual preserved samples of ore-forming solutions (Roedder, 1984) . So, it is believed that the compositions of leachates obtained in this study represent that of the primary ore fluids without significant contribution from secondary fluids, although our analytical data are semi-quantitative and reflect only the average composition of all inclusions in a given sample. Considering the heterogeneous distribution of fluid inclusions in minerals and hand-crushing operation, the anionic compositions of leachates for individual mineral sample are expressed as the molar ratios of various species to Cl -in Table 2 . The compositions for all mineral samples are plotted in molar percentage triangular diagrams of formate-chloridefluoride and of the acetate-chloride-fluoride (Fig.  6 ). It can be seen from these plots that the data points for the Xihuashan and Dangping deposits mostly locate near the Cl --F -join line and tend to extend to the Fr -and Ac -apex, while the narrow area of data points for the Piaotang deposit are adjacent to the Cl --F -join line. The distribution of data indicate that the Xihuashan and Dangping ore-fluids have the higher contents of formate and acetate, and lower F -/Cl -ratio, comparing to the Piaotang deposit.
STABLE ISOTOPE STUDIES
Many studies on geochemistry of hydrothermal ore deposits have demonstrated the value of stable isotope analysis in elucidating the origin of hydrothermal fluids and their constituents in W mineralization (e.g., Campbell et al., 1984; Thorn, 1988; So and Yun, 1994) . The oxygen and hydrogen isotope compositions of hydrothermal fluids reflect the origin of the fluids as well as their subsequent history as they migrated from their source to the site of deposition.
About 40 data sets of hydrogen isotopic composition of fluid inclusions and of oxygen isotopic composition of the host mineral (quartz) from the Xihuashan, Dangping and Piaotang deposits have been reported in literature (Mu et al., 1982; Zhang et al., 1982) , and these data were used together with ready obtained data sets in this study. In or-
Fig. 6. Formate-chloride-fluoride (upper) and acetatechloride-fluoride (lower) triangular diagrams (mol.%), showing the distribution region of the compositions of leachates from the samples examined. X-D-the Xihuashan and Dangping deposits, P-the Piaotang deposit.
der to calculate the isotopic composition of water in equilibrium with the quartz, we used the quartzwater oxygen isotope fractionation factor (Clayton et al., 1972) . The depositional temperatures were assumed based on homogenization temperature of the fluid inclusions. Campbell et al. (1984) , and may represent the dominance of primary magmatic water during the mineralization. It must be stated that magmatic water is defined not only as water released from a magma during crystallization, but also as any subsurface water which has been exchanged isotopically and chemically with igneous rocks at magmatic temperatures (Campbell et al., 1984) .
The carbon as well as hydrogen isotope compositions of ore fluids were determined directly from analyses of carbon dioxide and water, respectively, in fluid inclusions to ascertain the origin of carbon in the ore fluids containing carboxylates.
Gas chromatographic analyses of fluid inclusions in quartz from the studied deposits show that CO 2 is a dominant gaseous species, and the molar ratio of CH 4 /CO 2 ranges from 0.01 to about 0.04 (Liu and Chang, 1987) . Because of the extremely small amount of methane in the fluid inclusions CH 4 could be neglected in the analysis. The standard errors of each determination are ±0.1‰ for carbon, ±0.2‰ for oxygen and ±2‰ for hydrogen. The analytical results for samples from different parts of a quartz crystal and the calculated
values of the fluids in equilibrium with quartz are presented in Table 4 .
Carbon in hydrothermal systems can originate from three major sources (Rye and Ohmoto, 1974; Hoefs, 1987) : (1) marine limestone which have average δ 13 C values near zero, (2) lower crustupper mantle carbon with a range in δ 13 C values between -8 and -5‰, and (3) reduced or organic carbon from sedimentary rocks with δ 13 C values typically lower than -20‰. The measured δ 13 C values (-5.3 and -7 .4‰) of the inclusions in core of a quartz crystal, together with the data (-4.37‰) for fluid inclusions in quartz (wolframite-feldsparquartz vein of the Xihuashan deposit) reported by Liu and Chang (1987) , seem to imply a deep- Campbell et al. (1984) and Yurtsever (1975), respectively. seated origin of the carbon in the studied deposits. This conclusion is supported by the fact that no sedimentary carbonate rocks occur in the studied district. Mu et al. (1982) determined the δ 13 C values of gangue minerals (calcite and aragonite) that occur in these deposits, and most of their reported δ 13 C values fall between -9 and -3‰. Considering the predominance of carbon dioxide over methane in the fluid inclusions and the absence of graphite in these deposits, the results of Mu et al. (1982) also support the inference of a deepseated origin for the carbon in ore fluids responsible for the studied deposits.
DISCUSSION
It is known that that decarboxylation of shortchain carboxylic acid takes place at high temperatures, however, Bell and Palmer (1994) indicated that carboxylic acids in natural hydrothermal settings are metastable with respect to their constituents, such as C, CO, CH 4 , or CO 2 , and that the persistence of these acids in basin brine is due to the existence of high activation energy barriers. In addition, it is worth paying attention to some experimental studies with different techniques about the stability and dissociation equilibrium of carboxylates or metal-carboxylate complexes at elevated temperatures and pressures. These study results (e.g., Fisher and Barnes, 1972; Oscarson et al., 1988; Mesmer et al., 1989; Yang et al., 1989; Palmer and Hyde, 1993) indicate the possibility of the presence of carboxylates species at high temperature hydrothermal fluid.
As indicated above, our study demonstrates that the leachates of fluid-inclusion in minerals from hydrothermal W-Sn deposits contain formate and acetate at different concentration levels, as well as a minor amounts of oxalate and propionate, and that formate is the dominant carboxylate species. This is different from the carboxylate compositions observed in formation water of sedimentary basins and in oil-field brines where concentrations of carboxylates are significantly higher and dominated by acetate. It is well established that fluid inclusion compositions in minerals can be reasonable estimates of the ore-fluid compositions. On the basis of microthermometry, crushleaching of inclusions in minerals and isotope analysis, we can judge that carboxylates species detected in these leachates are present in the original ore fluids.
It is possible that the organic acids in the brines can be used as tracers of the prevailing oxidation state under the reservoir conditions (Shock, 1994) . In term of this point view, we attempted to consider the compositional characteristics of carboxylate in ore fluids using a chemographic diagram showing the interrelationships of monocarboxylic acids in the system C-H-O (see Fig. 8 ). The relation between formic and acetic acids can be linked by the following oxidation reactions
At homogeneous metastable equilibrium reaction (1) is reversible, so the equilibrium constant can be written as
where HFr represents HCOOH and HAc represents CH 3 COOH. This expression can be rearranged to yield (5) it can be inferred that the Xihuashan and Dangping deposits were formed at relatively high oxygen fugacity, compared to the Piaotang deposit. In the former case ore veins occur within a granite intrusion, whereas in the Piaotang deposit ores occur within the exocontact zone of a granite (Cambrian metasedimentary rocks). Generally, sedimentary rocks are more reduced in the redox state than granite intrusion. So that, the difference in redox conditions between the Xihuashan and Dangping, and the Piaotang deposits is consistent with the difference in their geologic settings.
In addition, the variation in the ratio of m m HAc HFr 2 / for different parts of a quartz crystal is very interesting. The ratios decrease from 3813 (1C) and 4576 (6C) at the core to 0 (1A and 6A) of the margin of the crystal, but this difference can not be explain as an decrease in oxygen fugacity from early to late stage of the crystal growth because change in logK 1 with temperature is significant. Fluid evolution during crystal growth can be indicated by a salinity versus temperature plot of inclusions. Figure 9 shows the relationship between homogenization temperature and salinity of the hydrothermal fluids for early to late stage of crystal growth. The fluid inclusions display a trend of decreasing salinity with decreasing temperature. This trend is explained by mixing of magmatic water with meteoric water at the late-stage of the crystal growth, and such a mixing process is consistent with δ 18 O H O   2 and δD values for inclusions in the core and outer part of the crystal (see Table  4 and Fig. 5) . Obviously, the entrance of meteoric water and decrease of crystallization temperature would effect on the composition of fluids and physico-chemical condition in the system. For this reason, the carboxylate composition of idiomorphic quartz crystal probably is not appli- cable to estimate the redox condition in ore fluids although there no secondary fluid inclusions in the crystal. The discussion about trend of variation in the m m
HAc HFr 2 / ratio described above suggests that the ratio value may be a potential redox-indicator in ore fluids if temperature is fixed.
Carboxylates in brines and formation waters in sedimentary basins are considered to originate from breakdown of kerogen during diagenesis (Carothers and Kharaka, 1978) . Kerogen is normally defined as that portion of the organic matter presented in sedimentary rocks that is insoluble in ordinary inorganic and organic solvents (Waples, 1985) . Each kerogen macromolecule has a molecular-weight of several thousand or more and is unique because it has patchwork structure formed by the random combination of many small molecular fragments. Increasing temperature during diagenesis and chemical reactions would cause fragmentation of kerogen to produce molecular species including hydrocarbons and carboxylic acid. Hydrous pyrolysis of kerogens performed at elevated temperatures can produce significant amounts of water-soluble organic acids.
The origin of carboxylates in hydrothermal fluids related to W and Sn mineralization has not been discussed in geochemical literature. As mentioned above, carboxylate species were present not only in the ore fluids of the main mineralizing stage, but also in the fluids of the pre-mineralizing stage (stage I, the Xihuashan and Dangping deposits), and the oxygen and hydrogen isotope data of the inclusion fluids in quartz indicate that the oreforming fluids are mainly of magmatic (see Fig.  7 ). The S-type granites related to the W-Sn mineralization in south China are produced by transformation of sedimentary rocks, and the Xihuashan granite is considered as a representative of the S-type granite (Xu et al., 1992) . Our tentative hypothesis for the origin of carboxylates in the Xihuashan, Dangping and Piaotang ore-systems is that kerogen in the "primitive sedimentary rocks" was altered by pyrolysis or water-rock interaction at high pressures and temperatures, meanwhile liberated carboxylic functional groups and preserved them in magmatic fluids. The fluid phase then developed into ore fluids responsible for these deposits. The occurrence of carbonaceous matter in the Xihuashan granite (Zeng et al., 2001) provides an evidence for this hypothesis. In addition, some experiments in petroleum geochemistry demonstrated the generation of carboxylates by pyrolysis or water-rock interaction of kerogen at elevated temperatures. For example, Kawamura et al. (1986) experimentally demonstrated that C 1 -C 10 monocarboxylic acids (acetic acid dominated and followed by formic and propionic acids) were detected in the pyrolysis products of kerogen at 200-400°C with or without the presence of water. Also, during the course of artificial maturation experiments by hydrous pyrolysis in a closed-system at temperatures up to 350°C, significant quantities of water-soluble mono-and di-carboxylic acids were generated from petroleum source rocks (Cooles et al., 1987; Barth et al., 1989) .
The formation temperature of the Xihuashan granite probably was relatively low. The crystallization temperature of the Xihuashan granite calculated from the δ 18 O data of quartz-biotite pair are 425-550°C (Zhang et al., 1982) and 460-550°C (Zhang et al., 1984) . Based on the hydrothermal experiments, Liu et al., (1984) reported the initial melting temperatures of the biotite-granite from the Xihuashan area: 710, 680 and 655°C at water pressures of 1, 2 and 3 kb, respectively. Maruejol et al. (1990) indicated that the saturation temperatures of zircon and monazite (675-765°C) from LREE agree closely with those calculated from Zr abundance in the Xihuashan granite. Therefore, it can be inferred that carboxylates produced by hydrous pyrolysis of kerogen remain metastable at such elevated temperatures.
Considering the isotope data of fluid inclusions in minerals, an alternative possibility for the formation of carboxylates is synthesis in a C-H-O fluid system which derived from a deep-seated source. From chemographic relationships in the C-H-O system (Fig. 8) , it can be seen that monocarboxylic acids are located at the intersections of the alkane-CO 2 tie line and the C 2 H 2n -O tie line (e.g., CH 3 COOH is located at the intersection of the CH 4 -CO 2 tie line and the C 2 H 2n -O tie line). Thus carboxylic acids can be conceived as reaction products involving an alkane and carbon dioxide as reactants. In addition, all monocarboxylic acids are situated on the C 2 H 2n -O line and can be oxidation products. For example, acetic acid is produced by the oxidation of ethylene via acetaldehyde in chemical plant.
SUMMARY AND CONCLUSIONS
1. This study demonstrates that formate and acetate (as well as oxalate and propionate in minor amounts) exist in hydrothermal fluids. These results shed light not only on the nature of high temperature W-Sn ore fluids, but also on the organic geochemistry of hydrothermal fluids in Earth's crust.
2. The molar ratio of acetate to formate seems to be an indicator of the redox state for the ore fluid system if temperature is fixed, and this aspect should be further investigated.
3. The origin of carboxylates in high temperature aqueous fluids is not definitively known. However, two possible mechanisms for the formation of the carboxylate species in hydrothermal fluids are of: (1) from hydrous pyrolysis of kerogen and (2) synthesis in high temperature C-H-O fluids.
4. Experimental study of hydrous pyrolysis of kerogen as well as the theoretical calculations and experiments of inorganic synthesis of carboxylates under geologically realistic pressure-temperature conditions are needed to examine the possibility of the generation of carboxylates during the transformation of sedimentary rocks to S-type granite and hydrothermal W-Sn mineralization.
